oronary reperfusion by thrombolysis and coronary angioplasty is an established essential therapy for acute myocardial infarction (AMI) with the potential to limit infarct size and improve patient outcome. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] Such early revascularization therapy is especially important for patients with suboptimal coronary reperfusion or reperfusion with Thrombolysis in Myocardial Infarction (TIMI) grades 0-2. 1, 3, 11, 12 Therefore, the estimation of coronary reperfusion is important for patients with AMI.
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The evaluation of coronary reperfusion can be carried out by direct coronary angiography (CAG); however, this method is invasive. Therefore, multiple noninvasive trials have been done to evaluate the reperfusion. Detection of a significant reduction in electrocardiographic ST elevation is useful; however, this method is not highly specific and requires serial evaluation, with a potential to cause delayed decision making in the acute phase. 13 , 14 The ratio of serum myoglobin to creatine kinase (CK) is also useful for detecting relatively new reperfusion. However, this method is not able to detect reperfusion that developed 6 or more hours earlier. 15 Therefore, the noninvasive evaluation of coronary reperfusion is not necessarily feasible in the acute phase of AMI.
Coronary reperfusion improves left ventricular (LV) function. 1, 3, 12, 16 The recently proposed Doppler Tei index is a noninvasive and sensitive index, expressing global LV function. [17] [18] [19] [20] We, therefore, hypothesized that patients without good coronary reperfusion would have worse LV function and express a worse or higher Tei index compared to those with reperfusion. The purpose of the present study was to investigate the relationship between cardiac function using the Tei index and the grade of coronary reperfusion evaluated using direct angiography.
value of the normal range; and (4) segmental wall motion abnormality in the anteroseptal to apical region by echocardiography. All patients gave their written informed consent.
Echocardiography
Standard 2-dimensional (D) and Doppler echocardiographic examinations were performed immediately after the patient's arrival in the coronary care unit at the hospital with a 2-3 MHz transducer and commercially available, phased array sector scanners (ATL HDI 3000 and HDI 5000, Bothell, WA, USA; GE Logiq 500 and Vivid 7, Milwaukee, MI, USA; Toshiba SSH 380A, Tokyo, Japan). All 2-D and Doppler echocardiographic data was recorded on s-VHS videotapes for later analysis.
The LV end-diastolic and end-systolic volumes, and ejection fractions were measured using the biplane Simpson's disk method. 21 LV volumes were corrected for body surface area, and the average of 3 consecutive measurements was used. To evaluate regional wall motion abnormality, the LV was divided into 16 segments according of the American Society of Echocardiography's recommendations. 21 Each segment was assigned a score based on its contractility as visually assessed: normal =1; hypokinesis =2; akinesis =3; dyskinesis =4; and aneurysmal =5. On the basis of this wall motion abnormality, a wall motion score index (WMSI) was derived by dividing the sum of the wall motion scores by the number of evaluated segments. 21 The mitral inflow velocity was recorded with the pulsed-wave Doppler sample volume positioned between the tips of the mitral leaflets. The LV outflow velocity was recorded from the apical long axis view with the pulsed-wave Doppler sample volume positioned just below the aortic valve.
The deceleration time (DcT) of mitral filling E velocity was measured from the peak of the E wave to the time when the extrapolated descent of the wave intercepted the baseline. 22 The slope of deceleration was calculated as the peak E velocity divided by the DcT. Doppler time intervals were measured by the mitral inflow and LV outflow velocity wave forms as shown in Fig 1. The interval a from the cessation to the onset of mitral inflow was equal to the sum of the isovolumic contraction time, ejection time and isovolumic relaxation time. The LV ejection time b was the duration of the LV outflow velocity profile. Thus, the sum of the isovolumic contraction time and isovolumic relaxation time was obtained as a-b. The Tei index, defined as the sum of the isovolumic contraction and relaxation times divided by the ejection time, was calculated as (a-b)/b. 17 In addition, the isovolumic relaxation time was measured by subtracting the interval d, between the R wave and the cessation of LV outflow, from the interval c, between the R wave and the onset of mitral inflow. The isovolumic contraction time was then calculated as (a-b)-(c-d). 18 All echocardiographic measurements were analyzed by an observer without knowledge of the clinical data or the grade of coronary reperfusion by angiography.
The grade of mitral regurgitation (MR) was evaluated using the ratio of color Doppler MR jet area to left atrial area in parasternal views or apical views. Grade 0= no MR jet, grade 1= % MR jet area of 0-10%, grade 2= % MR jet area of 10-20%, grade 3= % MR jet area of 20-40%, and grade 4= % MR jet area of 40% or more.
Grade of Coronary Reperfusion by Angiography
After the echocardiographic examination, a subsequent and emergent CAG was performed to aid decision making in the acute phase. Localization of the coronary lesion was assessed using the American Heart Association Classification. 23 According to the TIMI trial grading system, coronary reperfusion was evaluated as follows: grade 0= no ante grade flow beyond the point of occlusion, grade 1= minimal incomplete perfusion around the occlusion, grade 2= complete but delayed perfusion of the distal coronary artery, and grade 3 (complete perfusion) = ante grade flow to the entire distal artery at a normal rate. 11 Collateral channels were graded in the initial coronary angiograms as follows; 0= no collaterals, 1= incomplete slow opacification of the distal vessel, 2= slow but complete opacification of the distal vessel, and 3= opacification of the distal vessel as well as the donor vessel. 24 
Reproducibility
Two independent observers repeated the measurements of the Tei index in 10 patients. Differences in the measurements from the 2 observers were used to express interobserver variability. The same observer repeated the 10 measurements, and intra-observer variability was also calculated.
Statistical Analysis
Continuous numerous variables were expressed as the mean ± SD. Differences in variables between the 2 groups were assessed using the unpaired Student's t-test. The correlation between continuous variables was analyzed using a simple linear regression analysis. The diagnostic utility of the Tei index or the functional variables with significant relation to the incidence of coronary reperfusion was compared using receiver operating characteristic curves. The results were expressed in terms of the area under the curve or 95% confidence interval for this area. A p value <0.05 was considered statistically significant.
Results

Clinical Characteristics of the Patients
The clinical characteristics of the patients are summa- rized in Table 1 . The mean interval from the onset of symptoms and arrival at the hospital was 17.4±16.5 h. Emergent CAG at admission showed that the grade of reperfusion was TIMI 3 (good reperfusion) in 22 patients and TIMI 0 to 2 (impaired reperfusion) in 63. There were no significant differences in gender and the culprit lesion between the 2 groups. Patients who did not exhibit good reperfusion showed a significantly greater peak CK and shorter time interval from onset to emergent CAG compared to those with reperfusion. With the echocardiographic indices, there were no significant differences in the ejection fraction and WMSI between the 2 groups. In contrast, mitral E DcT was significantly shorter and the Tei index was significantly greater in patients without good coronary reperfusion com- pared to those with.
Relation Between the Tei Index and Coronary Reperfusion
To analyze the relationship between the Tei index and coronary reperfusion in patients with AMI further, the index was plotted against the location of the culprit lesion responsible for the AMI and the presence or absence of good coronary reperfusion (Fig 2) . The Tei index tended to be smaller for distal coronary lesions and was also smaller for reperfusion even in patients with coronary lesions in the same location. By setting a Tei index >0.50 as the criteria for diagnosing the absence of coronary reperfusion, the sensitivity, specificity, positive predictive value, negative predictive value and accuracy were 75, 86, 94, 54 and 78%, respectively ( Table 2 ).
In patients with earlier CAG within 12 h from the onset, the feasibility of the diagnosis was similar, with the sensitivity, specificity, positive predictive value, negative predictive value and accuracy of 76, 94, 98, 56 and 81%, respectively ( Table 2 ). In patients with delayed CAG, >12 h of delay from the onset, the same diagnosis was less feasible with the sensitivity, specificity, positive predictive value, negative predictive value and accuracy of 67, 67, 80, 50 and 67%, respectively ( Table 2) .
Reproducibility of Measurements
Inter-and intra-observer variability of the measurement of Tei index were 0.02±0.02 or 5.5±5.5% of the mean value and 0.01±0.01 or 2.9±2.9%, respectively.
Discussion
In patients with culprit lesion in the same location, the absence of good coronary reperfusion with TIMI 0-2 was associated with a greater increase in the Tei index compared to TIMI 3. Good coronary reperfusion is known to be associated with preserved LV function. 1, 3, 12, 16 Therefore, a greater increase in the Tei index in patients without good reperfusion seems reasonable. In addition to the nature of the coronary reperfusion, the location of the culprit lesion is also a determinant of LV function. However, culprit lesions were proximal to the middle left anterior descending artery (LAD) in most patients with anteroseptal AMI. A relatively small number of patients with the culprit lesion located at the distal LAD, with preserved LV function despite suboptimal reperfusion, resulted in the feasible diagnosis of absence of TIMI 3 by impaired LV function, expressed as a greater increase in the Tei index, in all patients with first anteroseptal AMI without other lesion.
Relationship to Previous Studies
Noninvasive diagnosis of coronary reperfusion can be performed for the relief of chest discomfort, occurrence of reperfusion arrhythmias, normalization of the ST-segment elevation 13, 25 and an early rapid rise with early peak in CK activity. 26, 27 Although these methods are practical, they can be relatively insensitive or require serial evaluation. Sensitivity and specificity of diagnosing coronary reperfusion by serial ST monitoring is reported as 88-97% or 43-82%, which is approximately comparable to the results of the present study in selected patients by Doppler Tei index with low positive predictive value but high negative predictive value for presence of reperfusion. 13 , 25 The present study demonstrated a practical and noninvasive method for the evaluation of coronary reperfusion using routine clinical Doppler echocardiography.
Recent studies have demonstrated that visualization of the distal LAD using transthoracic Doppler echocardiography allows direct diagnosis of coronary reperfusion. 28, 29 Compared to this method, the methodology of the present study is less direct. However, it is more simple and practical.
Longer mitral E DcT in patients with AMI is indicative of a better prognosis. 22, 30 In the present study, patients with TIMI 3 had a longer mitral E DcT. The mechanism responsible for the better prognosis has not been fully clarified but may be related to good reperfusion.
Since the Tei index reflects global cardiac function, it is related to multiple pathophysiology, which is related to cardiac function. 17 Such applications include the prediction of patient survival, 19, 20, 31 prediction of congestive heart failure or complications after AMI, [32] [33] [34] screening to identify patients with elevated LV filling pressure, 35, 36 differentiation of pseudonormal from normal mitral flow, 37 early detection of cardiac toxicity from anthracycline, 38 evaluation of right ventricular function 39 and serial evaluation of the natural course or therapeutic procedures. 40 , 41 The present study showed a novel clinical application of the Tei index for evaluating important pathophysiology or coronary reperfusion in patients with first anteroseptal AMI without other coronary lesions or LV hypertrophy.
Clinical Application
The presence or absence of good coronary reperfusion is directly related to patient prognosis and an indication of emergent therapeutic procedures. 1, 3, 11, 12 Direct CAG is accurate for evaluating reperfusion. However, it is invasive and is not being performed in many hospitals. The noninvasive diagnosis of coronary reperfusion using ECG ST elevation or serum enzyme activity is accurate, but requires serial evaluation, which is not ideal for the management of patients with AMI. 13, 15, [25] [26] [27] The present study showed a practical and noninvasive approach for the approximate but quick evaluation of the absence of adequate coronary reperfusion or identification of patients with potential benefits by emergent therapeutic procedures such as intravenous thrombolysis or percutaneous coronary intervention.
Limitations
Compared to the good positive predictive value using the Tei index for the absence of good re-flow, the negative predictive value of the same diagnosis was only fair. Therefore, a Tei index <0.50 does not necessarily mean good reflow, while a Tei index >0.50 usually suggests the absence of good reflow. The diagnosis of coronary reperfusion using the Tei index is indirect, with potential discrepancies between the status of reperfusion and the Tei index. The Tei index can be relatively good, despite total occlusion of the culprit lesion with good collateral flow or a totally occluded distal lesion. The timing of echocardiographic evaluation and coronary reperfusion can also influence the diagnosis of reperfusion by cardiac function or Tei index. Diagnosis of the absent reperfusion using increased Tei index was feasible in patients with earlier CAG within 12 h after the onset. However, the same diagnosis was less feasible in patients with later CAG >12 h after the onset. This point needs further investigation with a large number of patients. No-reflow frequently develops following coronary intervention, but it is rare before the intervention. 28, 29, 42 Therefore, the status of coronary reperfusion and cardiac function, or the Tei index, may show frequent discrepancies after coronary intervention. The feasibility of the diagnosis of absent adequate coronary reperfusion through a significant increase in the Tei index can be limited to patients before coronary intervention. In addition, the diagnosis of absent adequate coronary reperfusion by the Tei index >0.50 was demonstrated in patients with first anteroseptal AMI without other cardiac lesion. However, patients with AMI frequently have associated cardiac abnormalities such as prior myocardial infarction, LV hypertrophy, valvular disease and others. In such patients, the prediction of coronary reperfusion from cardiac function or Tei index is expected to be difficult. In addition, the utility of the Tei index to predict coronary reperfusion was not evaluated in patients with AMI due to right coronary or left circumflex artery disease. Therefore, the results of the present study may not be applied to general patients with AMI. Finally, we could not compare the utility of ST elevation and the Tei index to predict coronary reperfusion, because serial evaluation of ST elevation was not performed before an emergent coronary intervention. Nevertheless, the purpose of the present study was achieved by demonstrating a feasible diagnosis of absent adequate coronary reperfusion through an increase in the Tei index in patients with first anteroseptal AMI before percutaneous coronary intervention.
